This paper describes the content and delivery of a Data Warehousing and Mining course that was developed for students in the Eberly College of Business at Indiana University of Pennsylvania. This elective course introduces students to the strategies, technologies, and techniques associated with this growing MIS specialty area. Students learn what is involved in planning, designing, building, using, and managing a data warehouse. Students also learn about how a data warehouse must fit into an over-all corporate data architecture that may include legacy systems, operational data stores, enterprise data warehouses, and data marts. In addition, students are exposed to the different data mining techniques used by organizations to derive information from the data warehouse for strategic and long-term business decision making.
I. INTRODUCTION
Data mining gained its current popularity as a result of its many interesting applications. Companies today successfully apply data mining techniques to detect fraud, to study customer churn, to weed out bad customers, to customize marketing efforts, to approve new customers, to improve inventory control, to develop new products and services, and to strengthen customer relationships. For companies to use data mining to gain competitive advantage, however, they must have three ingredients in place:
(1) computing power, 
II. COURSE HISTORY AT IUP
As the literature on data warehousing and mining grew, it seemed appropriate to develop a course to teach students about this growing MIS area.
"Data Warehousing & Mining" was first taught as a special topic in the Fall 1998
semester at the Eberly College of Business at Indiana University of Pennsylvania (IUP). It was offered a second time in Spring 1998 and will be offered as an elective at least once a year in the future. As a special topic, the course is open to both upper level undergraduate students in MIS and MBA students with an interest in information technology.
At the Eberly College of Business, the major requirements for undergraduate MIS students are based on the IS '97 curriculum guidelines. Our
MIS curriculum consists of programming languages such as Visual Basic and
Cobol, computer hardware, database, systems analysis, systems design, and networking essentials. Students also are required to take at least 3 electives related to their major area. At the graduate level, MBA students, in addition to exposure to databases through undergraduate IS courses and work experiences, take a graduate level course in Information Systems which includes instruction in database theory and applications.
While students at both the undergraduate and graduate levels learn about database theory and applications as part of their curriculum requirements, we believe that data warehousing involves such a significant amount of new theory and concepts as to warrant a course in its own right. Whereas traditional database courses are designed to give students an understanding of database architecture, concepts, and features so that they can properly design databases to support operational systems, data warehousing databases have a different focus. In data warehousing, the idea is to create analytical data repositories to support strategic, managerial decision-making. In addition, data warehousing 
III. COURSE HISTORY AT OTHER SCHOOLS
On the Internet, many companies and consulting services prominently advertise their training programs in the different aspects of data warehousing and mining. Tracking down colleges and universities that offer these courses is more difficult. Many colleges and universities may, in fact, be offering a data warehouse and mining course, but this information may be hidden behind a special topic or seminar course number. From the successful hits that were obtained, it appears that colleges and universities employ several different strategies for exposing students to this topic.
1. Some schools include data warehousing as part of the course material for an existing DBMS, MIS, or Systems Design course. Under this strategy, the time allotted to data warehousing is short, usually a week or less. This approach enables students to gain an awareness of the topic, but does not permit in-depth coverage.
2. Some schools include data warehousing as part of an advanced data management course. In addition to data warehousing, the advanced data management course may also include coverage of distributed databases, object 
IV. COURSE OBJECTIVES
The objectives of the data warehousing course offered at IUP are:
1. By the end of the course, students should be able to describe what is meant by a data architecture and be able to explain how legacy systems, data warehouses, data marts, and operational data stores fit into that data architecture. Students need to understand that databases do not operate as separate islands of information, but rather need to be coordinated into a cohesive plan for supporting the operational, tactical, and strategic needs of the organization.
2. Students should understand the process by which data warehouses are designed, built and managed. Students also need to understand the many issues that complicate data warehouse construction and maintenance. For example, performance is a problem as data warehouses grow beyond gigabytes to terabyte, petabyte or even exabyte size. How to manage metadata so business analysts can use the stored data more effectively is also an issue.
Figuring out which source of data to use and then how best to integrate and map the data is another challenge in creating a successful data warehouse. By the end of the course, students should be able to explain the steps they would follow 3. Students should be aware of the variety of end user tools for analyzing the data contained in the data warehouse. These tools range from simple spreadsheets to sophisticated neural net software packages. Students should understand the selection process for matching the right set of tools to the various types of users in an organization. Students need to understand that a data warehouse must be flexible enough to accommodate people whose abilities may range from novice to power user.
V. COURSE PREREQUISITES
The prerequisites for this course are:
• a good understanding of files and databases.
• a good understanding of business needs and practices
• a background in some type of quantitative business course such as business statistics or quantitative methods for managers.
Our department requires students to have either taken a prior course in database or through other experiences been exposed to data modeling and database concepts. Students should have already mastered how to define a database, how to manipulate data in a database, how to use the system catalog, how to use views, and how to write embedded SQL before taking this course. In addition, if students understand the internal level of the DBMS architecture then they are in a much better position to appreciate why a design for a database whose principal activity is updating is not optimal for a database whose principal activity is querying.
Data warehouses are constructed to house data from multiple business functions to support the decision-making needs of managers. Students who have the technical skills, but lack either business core courses or work experiences often have difficulties in identifying with the problems and issues that managers face when trying to coordinate diverse data into information that can be used to 
VI. WEEKLY COURSE CONTENT
We designed the content of the course to be delivered over 14 weeks assuming 3 hours of class time per week. The course begins with the evolution of data warehousing and ends with a survey of some of the better-known techniques in data mining. This schedule, shown in Table 2 , can be condensed or expanded as needed to fit a different semester schedule.
To complement the lecture topics, students are assigned weekly activities that included readings, discussion questions, problems, and short papers. These activities are summarized in Table 3 . Discuss the evolution of the data warehouse. Explain the need for two types of databases: one designed for storing operational data, the other designed for storing analytical data. 2
Communications of AIS
Explain basic data warehouse definitions and terminology. Explain the different variations of the data warehouse including data marts, operational data stores, and enterprise data warehouses. Discuss how to choose an appropriate data warehouse architecture and infrastructure.
Discuss planning issues concerning the construction of a data warehouse. List the reasons for creating a data warehouse, the criteria for success, the different roles/individuals/expertise required on the data warehouse team. Give a preview of the different phases in data warehouse construction.
Discuss the various methods for gathering requirements, how to conduct a pilot study, how to determine what the subject area of the data warehouse will be, how to identify data sources, how to conduct user interviews, and how to use data modeling tools to develop the data warehouse design.
3
Discuss issues concerning data quality such as the problem of dirty data, the problem of undocumented business rules and nuances of meanings, the problem of synonyms, homonyms, analogs, and the perils of using external data.
Discuss basic design concepts in data warehouses. Topics include schemas, entities, attributes, relationships, granularity, data hierarchies, and time components. Discuss whether the data warehouse will hold status data (snapshots) or event data (transactions) or both. Also discuss if the data warehouse will be centralized or decentralized.
Discuss the different table designs that range from one large table, to star designs  (central fact table surrounded by dimensional tables) , constellation design, snowflake design, and blizzard design.
4
Discuss additional design features for data warehouses. These include incorporating value chains and conforming dimensions, handling heterogeneous entities, resolving slowly changing attributes, and using mini-dimensional tables, factless fact tables, and degenerate keys.
5
Profile several data warehouse examples in various business functional areas and industries.
6
Discuss the issues involved in cleaning and transforming data, validating and testing data, and how best to populate and update the data in the data warehouse on an automatic basis.
Discuss the importance of metadata and how to use and maintain metadata in the data warehouse. Discuss the steps that the data warehouse team should follow to ensure that the company selects the right set of end user tools.
Communications of AIS
Discuss data warehouse maintenance and management issues. These include how to assist the end user, how to market the data warehouse to internal customers, how to monitor the quality and performance of the data warehouse, how to charge for use of the data warehouse, how to ensure security, and how to implement backup and recovery procedures.
8
Discuss techniques for handling performance problems with the data warehouse. These techniques include summarization, archiving, partitioning, indexes, denormalization, sampling, and parallel processing Discuss what is meant by OLAP -Online Analytical Processing and how it can be implemented either using a relational database model or using a multidimensional database model. 9
Discuss the development of data mining. Discuss the steps one follows in setting up a data mining study and provide an overview of the different techniques and tools that can be employed.
Explain how market basket analysis works. 10
Explain how memory based reasoning and cluster techniques work. 11
Explain how link and decision tree analysis work. 12
Explain how neural nets work. 13
Explain how genetic algorithms and visualization techniques work. 14 Discuss future trends and topics in data warehousing such as data warehousing and the Internet and handling objects (video, audio, graphics, images) Projects Although students are anxious to develop skills in the major DBMS (Oracle, Sybase, Informix, SQL Server) that are used in data warehouse construction, the lack of a sophisticated DBMS is not fatal to the course. In our labs, students used Microsoft Access to develop their own mini-data warehouses as a way to practice the design principles for constructing a data warehouse. Papers Because this field is continuing to evolve, it is important that students learn how to seek out information on their own. During the course of the semester, students are responsible for conducting a literature search for a particular topic and then writing up of their findings. Sometimes the topics were assigned. Sometimes students picked their own data warehouse topic. Speakers
At IUP there is a data warehouse project under way so that administrators can better understand enrollment patterns. This project provided an excellent source for speakers to talk to the class about their experiences. Local companies are another good source for speakers.
VII. TEXTBOOK SUPPORT
The first books about data warehousing appeared in the early 1990's.
William Inmon [1996] who is often credited as being "the father of the data warehouse" was one of the first to define and explain this new concept in storing, managing, and using data. He and his co-authors wrote a series of books that cover in detail the evolution of the data warehouse from its early conception to today's interpretation.
One of the challenges in teaching a data warehouse course at the present time is that while many books are now available on the topic, the vast majority are trade books written for the IS professional rather than the IS student. This means that the books often assume a familiarity with corporate business practices that many college students lack. These books also lack the exercises, discussion questions, cases, and other amenities usually found in academic textbooks to help guide the student (and the instructor) through the material.
Finally, while many trade books provide an excellent conceptual picture of data warehouses, many lack the specifics that students are hoping to acquire as to how one actually sets up a data warehouse.
For the course, the instructor chose two trade books that she felt came closest to the ideal textbook. Kimball's The Data Warehouse Toolkit [1996] Communications of AIS Volume 2, Article 16
13
Developing and Delivering a Data Warehousing and Mining Course by E.M. Pierce provides a good overview of the steps one must go through to design, build, and implement a data warehouse. His book also had the nice feature of including a CD-ROM with working models for all the databases described in the book as well as software for querying the dimensional data warehouses.
The second book chosen for the course is Data Mining Techniques by Berry and Linoff [1997] . This book gives the students a good overview of the techniques used to uncover patterns in data to improve business decision making. Because data mining is intertwined with the concept of data warehousing, our course seeks to cover both areas. It is quite possible as this subject matter evolves that two separate courses may be needed in the future to provide adequate coverage of the subject matter. In practice, most trade books either deal with the one issue (data warehouse construction) or the other (what can one do with the data in the data warehouse), hence the need for two books for the course.
While these two books provide the bulk of the material for the course, they lack depth in some of the organizational and management issues surrounding data warehouses. To remedy these gaps, the instructor used material supplied by several other authors in the course. Two excellent books are worth noting.
Data Warehouse: Practical Advice from the Experts [Bischoff and
Alexander ,1997 ] is a compilation of practical advice and issues to consider when building a data warehouse. Building a Data Warehouse for Decision Support [Poe, Klauer, and Brobst, 1998 ] provides a good understanding of how data warehouses must fit into an over-all data architecture for supporting the decision making needs of the organization. A complete list of the books used to develop the course is in the Bibliography section of this paper.
VIII. CHALLENGES IN COURSE DESIGN AND DELIVERY
An instructor will face some additional challenges besides the lack of data warehousing and mining textbooks and supplemental course materials when trying to teach this course. One issue involves the changing subject matter. • whether the operational data store and the enterprise data warehouse truly represent different data environments or whether they are simply different names for the same type of data environment.
• when to use one database design versus another.
Continuing advancements in data storage, data processing, and software are another source of change. Because of the evolving nature of the subject, an instructor should expect to revise at least some of the definitions and concepts taught from one year to the next.
Another challenge is to incorporate some hands-on training so students obtain practical experience as well as a solid conceptual foundation. For realistic hands-on experience with data warehouses, students need access to the appropriate software and large amounts of data. One of the most important pieces of software in data warehousing is the DBMS. Although our students used Microsoft's Access for constructing their data warehouses, our department hopes in the future to switch to one of the leading DBMS products used in industry for data warehouse construction such as Oracle, SQL Server, or DB2.
Once the DBMS is selected, the students may wish to explore other software products that assist in the design, data acquisition, administration, and data access and mining parts of the data warehouse. In addition to independent vendors, some of these tools are now being offered by the large DBMS vendors as part of their over all data warehouse software solution package. When budgets are tight, it is sometimes possible to obtain a free trial version of the software so that students can gain at least some exposure to the tools in this area. In terms of access to data, students can explore public online data warehouses. Besides being a source of data, these sites also provide students examples of data warehouses in action. Table 7 lists three examples of online data warehouses available to the public. 
IX. STUDENT REACTION TO COURSE
At the end of each semester, students fill out a voluntary questionnaire to provide feedback as to how they felt about the course. Because the same instructor, textbooks, and syllabus were used throughout the year, the results from both the Fall and Spring semesters were pooled. courses. Roughly half of the undergraduate students (47%) and half of the graduate students (54%) felt the pace of the course was about right. Not surprisingly, more undergraduate students (42%) found the pace to be slightly fast compared to the graduate students (23%). Both the majorities of the undergraduate students (94.5%) and graduate students (88.5%) said they have learned something that they considered valuable. However, more graduate students (84.5%) said they would recommend the course to a friend compared to undergraduate students (68%). This suggests that this course may appeal more to the advanced business student.
In terms of miscellaneous comments, students said they liked those assignments and projects that were hands-on, practical in nature, and gave them a realistic feel for how they would construct a data warehouse in the corporate environment. They also enjoyed the speakers and real-life examples used during the lecture to illustrate the concepts being taught. Some students suggested that they would like to work on a large project that could be used as a unifying theme throughout the course. Other suggestions included switching from Access to Oracle, doing more group work, and expanding the data mining topics to a separate course. This paper describes the type of content and activities that should be covered in the course. Some of the current challenges in offering the course include the lack of formal textbook support, the changing nature of the topic, and a lack of software and data for creating data warehouses on a realistic scale in the classroom. Despite these problems, this course offers students an important opportunity to explore further applications in databases and to appreciate the value of a cohesive data strategy for an organization. 
